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OTDR Testing Basics   

AEN 134, Revision 1  
The use of an optical time domain reflectometer (OTDR) for system troubleshooting, verification 
and documentation has always been an important step of the system installation process.  
Despite the OTDR’s importance, the ability to read and interpret the information gathered from 
an OTDR trace is known by very few, and due to the recent decline in OTDR prices, many more 
technicians are using OTDRs, most with no training or with just the user manual. 
 
To help alleviate the lack of training, this document provides basic information on how an OTDR 
works and a brief instruction on interpreting and obtaining useful OTDR traces.  For a more in 
depth look on certain aspects of OTDR testing, please refer to the corresponding AE Note listed 
at the end of this document.   
 
Reasons to use an OTDR 
 
There are four main reasons one uses an OTDR:  
 

 Product acceptance.  The assumption that all product received from a vendor is in 
good condition assumes nothing happens during transportation and that the cable was 
not spooled onto a smaller reel.  Both actions can cause damage to the cable if done 
improperly.  If the cable is tested prior to installation via a bare fiber OTDR test and 
found to be damaged, then the supplier must accept the unsatisfactory product.  If a 
cable is installed, the supplier will not accept a return on that cable because the supplier 
will claim the installer assumes liability upon installation. 

 
 Troubleshooting.  The OTDR trace provides an as-built drawing or map of a system, 

and as such it is the perfect tool for finding problems.  Using this map, an installer can 
locate and repair each system component that is out of specification.   

 
 System verification.  Again, because the OTDR trace provides a map of a system, the 

trace confirms that the system meets specification by measuring each component.  It is 
important to note that only the OTDR can measure individual components, whereas 
other test equipment (Link-loss test sets, VFLs, etc.) cannot.  

 
 Documentation.  The OTDR is a key instrument in compiling a final documentation 

package to the customer because its traces show the status of the system when one 
leaves the job site.  More often than not, the customer will call back sometimes several 
months after the project is finished claiming that the system never worked.  The OTDR 
traces provide physical evidence that the system had no problems upon completion of 
the project. 
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Basic OTDR results 
 

To understand an OTDR trace, one has to know what each component, connector or otherwise, 
will look like.  There are three basic types of events that appear on a trace: a fiber span, a 
reflective event, and a non-reflective event.   
 

 A fiber span is a representation of a length of fiber as detected by the OTDR.  Using the 
index of refraction supplied by the user, the OTDR produces a fiber span indicating the 
total length and attenuation associated with that length of fiber.  Please note that the 
fiber length is almost always longer than the cable length.  Refer to the Advanced 
Knowledge section at the end of this document for more information. 

 
 A reflective event is caused by a gap in the fiber.  In fact, anywhere in the system 

where the fiber span is interrupted by any other medium (air, index matching gel, etc.), a 
peak will appear on the trace.  The three main causes of reflective events are connector 
pairs (except APCs), mechanical splices, and breaks in the system (including the end of 
system).  To determine what each trace event is compare the system design to the 
trace.   

 

                   
 

 
Figure 1:  OV-MINI Screenshots of reflective OTDR events (1. system launch, 2. 

reflective event, 3. end-of-system) 
 

 The two main issues with reflective events are “dead zone” and “ghost” peaks.  The 
dead zone is the area underneath the peak that the OTDR cannot read because so 
much light is reflected back to the OTDR blinding the sensor.  For lack of a better 
comparison, it is like holding a flashlight up against one’s eye and not being able to see.  
A ghost is caused by a bad/dirty connection that reflects so much light.  For more 
information on “Ghosts” please refer to AE Note 50. 
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 A non-reflective event is indicated by a sudden increase (gainer) or decrease (loss) in 
optical power in a fiber span.  This kind of event usually occurs in areas/components of a 
system that are one continuous piece of glass like a fusion splice, macrobend, or 
microbend.   

 
 To distinguish a splice from a micro/macrobend, shoot a trace at both operating 

wavelengths (850nm & 1300nm for multimode, 1310nm & 1550nm for single mode).  
The loss of the bend is greater at the higher wavelength.  If the event is a fusion splice, 
the loss detected will differ by very little at the different wavelengths.  In fact, contrary to 
a bend, the loss at the higher wavelength for a splice is typically slightly lower. 

 

  
Figure 2:  OV-MINI Screenshots of a non-reflective OTDR event 

 The lone non-reflective event that is not a continuous piece of glass is a good angled 
physical contact polish (APC) connector.  An APC connector is polished at an angle to 
virtually eliminate backscatter, so that a good APC connector will appear as a non-
reflective event.  Over time, an APC will behave like a regular connector, and its dead 
zone and reflectance will worsen as the connector becomes more damaged and dirtied.  
When testing with APCs access jumpers, shoot a trace of the access jumper before 
connecting to the system to get the jumper length.  If the jumper length is not recorded, 
one will not be able to tell where the system starts on the OTDR trace.      

 
 There are two non-reflective event anomalies, “gainers” and “exaggerated losses”.  

Both anomalies are caused by splicing fibers from two different lots or manufacturers.  
To get usable splice values, etc., bidirectional traces must be taken, and the bidirectional 
average of each splice must be calculated to get the actual value for each splice.  See 
Figure 3 below for an example. For more information on gainers and exaggerated losses 
please read AE Note 007 or 041. 

 

 
Figure 3:  Resolving gainers and exaggerated losses 
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Interpreting full traces 
 
For the next section, the trace and flowchart below are going to be examined.  More specifically, 
what each component of the system could possibly be is going to be discussed.   
 

 
Figure 4:  System Trace and Flowchart 

 
 
 
 
The system above has five components and four spans of fiber.  The OV-MINI OTDR as well as 
other OTDRs labels each event by number and from left to right when analyzing a trace.  
According to the analysis, the system has 3 reflective events (1, 3 and 5) and 2 non-reflective 
events (2 and 4).   
 
Event #1 is the system launch.  The launch always consists of a connector pair located at the 
OTDR source port.  Event #2 is a non-reflective event and could be one of three things, a fusion 
splice, a macrobend, or an APC connector pair.  Again, in order to distinguish what the event 
truly is, one has to look at the system design to make the determination.  Event#3 is a reflective 
event and is either a mechanical splice or connector pair.  Event #4 is another non-reflective 
event, and Event #5 is the end of the system. 
 
After determining what each event is, the results are compared to system specifications.  If the 
system is determined to be out-of-spec, each component must be fixed and then retested to 
verify compliance.   
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Advanced knowledge 
 
The following section discusses the following topics: how an OTDR works, the art of selecting 
the correct pulse width and range, setting the index of refraction (IOR), and calculating the cable 
length using OTDR measurements. 
 
How an OTDR works. 
A basic understanding of how an OTDR works will help in analyzing a trace, especially when 
something unexpected happens.  An OTDR takes advantage of the backscattered light that 
occurs in all fibers as light travels down the core (See Figure 5).  The OTDR measures the time 
the backscattered light takes to go back and forth through the fiber, and using the speed of light 
in the fiber, the OTDR calculates the distance values used in constructing the trace (using the 
formula:   distance = speed x time). 
 

 
Figure 5:  Backscattered light (Rayleigh scattering) 

 
The basic OTDR setup consists of a source laser, a coupler, a detector, a processor, a 
connector panel on the OTDR, a launch cable (aka. access jumper), and the system under test.  
The source laser, coupler, detector, and processor are all contained inside the OTDR.  When a 
trace is shot, the source laser shoots pulses through the coupler then through the system via 
the launch cable.  As light is scattered back to the OTDR, the light goes back through the 
coupler which redirects the light to the detector.  The processor then analyzes the data received 
from the detector and constructs the trace.   
 

 
Figure 6:  Basic OTDR setup 
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The art of selecting the correct pulse width and range 
 
Most current OTDRs have an auto-adjust feature that automatically selects the correct viewing 
range and pulse width.  The following paragraphs discuss what to do if the OTDR does not 
include an auto feature or the manual (aka. advanced) mode is used. 
 
First, selecting the range is key to viewing traces because entire sections of the system may be 
omitted from view or the trace may become distorted and hard to read.  The rule of thumb is to 
set the range to about 2x the length of the system or the next largest setting.  For example, if 
the system is 1500 ft and the next two settings are 2000 ft and 4000 ft, use 4000 ft because it is 
at least 2x the length of the system. 
 
Next, selecting the pulse width is the most important step in obtaining a useful trace.  Auto-
testing mode aside, correct pulse width selection is driven by two things, range and precision.  
The pulse width has to be large and powerful enough to reach the end of the system, but it must 
be small enough so that the events are not “glazed” over and lost in trace “noise”.   
 
When first starting to shoot traces, one will find themselves reshooting the first fiber several 
times to adjust the pulse width to get the most accurate and useful trace.  Furthermore, one may 
even take two traces per fiber, one at a small pulse width to get up close details and one at a 
large pulse width to reach the end of the system.  In conclusion, the process of selecting the 
proper pulse width and range can be frustrating but is necessary in order to obtain a trace with 
useful information. 
 
Setting the IOR 
It is important to set the IOR to the correct value.  An incorrect value for the IOR will cause the 
OTDR to calculate an incorrect speed of light and in turn incorrect distances.  The IOR for the 
fiber is obtained from the cable specification sheets, or if the specification sheets have been 
lost, the default setting for each fiber type’s IOR will work.      
 

 
 

Figure 7:  Typical OTDR setup screen 
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Calculating the cable length using OTDR measurements 
 
In the outside plant, the fiber length measured by the OTDR will almost always be greater than 
the cable footmark length due to the excess fiber length (EFL) placed in cable to handle 
temperature variation (usually around 2-3% excess).  The cable length can be determined by 
using a conversion factor which can be calculated using known distances between system 
components.  Figure 8 below depicts a sample correction factor calculation. 
 

 
Figure 8:  Correction Factor Calculation 

 
To calculate the correction factor, one takes a ratio of sheath distance divided by the fiber 
distance of a known event.  One then multiplies the fiber length of the unknown event by this 
factor to get the correct cable length.  The correction factor is very important in locating breaks 
and other components in long length systems.  As Figure 8 shows, even a 1.5 percent 
correction factor can result a substantial difference between fiber and cable length (~113 feet/ 
34 meters in the example). 
 
If you have any additional questions, please contact Corning Technical Support at 1-800-743-
2671. 
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